Extracts of competent cells of Bacillus subtilis exhibited nuclease activity on radioactively labeled cell deoxyribonucleic acid (DNA). The activity was not decreased when Mg was omitted from the reaction mixture but was decreased to zero by addition of ethylenediaminetetraacetic acid. Of the other metals tested, only Ca increased nuclease activity more than Mg. Addition of 1.5 x 10-3 M Ca to transfection mixtures increased the nonlinearity of the relationship between number of transfectants and DNA concentration. The inferred role of the Ca-activated nuclease was checked by showing that the ultraviolet enhancement of transfection is reversed by addition of Ca. It was also shown, by testing in three different laboratories, that the Ca ion in water is the likely source of the different nonlinear relationships found in different laboratories.
When bacteria are made competent for transformation, the number of transformants is linearly proportional to the concentration of deoxyribonucleic acid (DNA) to which the bacteria are exposed. If the competent cells are exposed to DNA from phages which normally attack those cells, progeny phages are formed, and their number is usually linearly proportional to the DNA concentration, as for phage SP02 transfection of Bacillus subtilis (17) . However, a small number of subtilis phages (7, 8, 18, 20) have been found whose transfection is proportional to a power of the DNA concentration greater than unity. Green (8) showed that phage SP82 transfection is sometimes proportional to as much as the fourth power of the DNA concentration, although usually a second-or third-power curve is obtained. He traced the nonlinear transfection to the inactivation of the DNA after its entry into competent bacteria (9, 10) , resulting in very high recombination frequencies for crosses done by transfection. Recently (19) (5, 6) . DNA was denatured by exposure to boiling-water temperature for at least 5 min followed by quick cooling in an ice-water mixture. Protein was determined by the method of Lowry et al. (13) .
Cell extracts were prepared as described by Okasaki and Komberg (16) Reaction mixtures (0.3 ml) normally contained 0.1 ml of extracts (0.5 mg of protein/ml), 0.02 ml of 3H- labeled DNA (20 jig/ml), and 0.05 ml of water or water solutions of metal ions or ethylenediaminetetraacetic acid (EDTA) as described. Mixtures were incubated for 30 min at 37 C, 5 to 6 ml of iced trichloroacetic acid was added, and the tubes were left in ice for at least 15 min before being filtered through Whatman GF/C filters and washed with a similar volume of iced trichloroacetic acid. Filters were dried in an oven, placed in scintillation vials in 10 ml of toluene (containing 42 ml of liquifluor/liter), and counted in a Packard liquid scintillation counter whose 3H background was 20 counts/min. The 3H-DNA from B. subtilis was that described in reference 19.
To give an idea of the experimental numbers on which conclusions are based, the untreated B. subtilis DNA gave a counting rate of more than 1,000 counts/min on the filters. Typical solubilizations of 65 and 85% of the starting count means that the counting rates were, respectively, 350 and 150 counts/min. The data given in this report were all taken ftom total counts of at least 1,000 so the theoretical standard deviations are about 3% or less.
RESULTS
Measurements of enzyme activity were carried out on three kinds of cells: broth-grown cells at concentrations between 108 and 109/ml, cells growing for 4 hr in the precompetency medium of Anagnostopoulos and Spizizen (1) , and cells diluted from the precompetency medium into the competency medium in which they became maximally competent after 60 to 90 min of incubation. If a Ca-activated enzyme is involved in the nonlinear transfection process, it should be possible to predict the results of transfection experiments in which Ca has been added. The increased activity of this enzyme should lower the transfection level and increase the requirement for recombination to obtain plaques. Figure 1 shows the result of a typical experiment of this type.
Transfection mixtures containing Mg yielded a typical (for our laboratory) second-power curve. When Ca was added to 1.5 X 10-3 M, the transfectant number dropped and the curve became a third-power one. At about half this Ca concentration, the effect on transfection was barely detectable.
Two other experiments were done to verify the implication of this Ca-activated enzyme in nonlinear transfections. First, experiments with Ca at various pH values gave a slightly greater solubilization rate at pH 6.2 than at pH values above 7. Correspondingly, transfection at pH 6.2 was decreased and a 2.4-power curve was obtained.
The second experiment revealed a striking role of the Ca-activated enzyme in transfection enhancement by ultraviolet light (UV). It was previously (4) increase the effectiveness of whatever enzyme ac-i ,/ tivity is available, so there should be a shift of z the transfection back toward a lower level and a / nonlinear dependence on DNA concentration. Figure 2 shows the results of a typical experiment on transfection, its UV enhancement, and the An extracellular Ca-activated nuclease has been recently reported by Tevethia and Mandel (23) . Its connection with competence cannot be inferred from the published information.
It should be kept in mind that, in all of the work reported herein, the entire culture was used. Several workers (12, 15, 22) 
